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contain the struck quark or
antiquark in their valence Fock state. They therefore act



































































is the fragmentation function for the struck quark or anti-









in the target rest frame; q(x;Q
2
)
is the quark (or antiquark) polarized parton distribution
and e
q
is the quark charge. Note the integration over
the transverse momentum k
t
of the nal-state hadrons
[10]. (In practice this integration over k
t
is determined
by the acceptance of the experiment.) Since pions and
kaons have spin zero, the fragmentation functions are
the same for both polarized and unpolarized leptopro-
duction. NLO corrections to Eq. (3) are discussed in
Ref. [11].
The semi-inclusive data reported by HERMES and
SMC suggest that the (measured) light-avored (up and
down quark) sea contributes close to zero to the spin of
the proton [2, 3, 4] and that the (measured) strange sea
polarization is positive [3], in contrast with the result (2)








For HERMES the average transverse momentum of the
detected fast hadrons is less than about 0.5 GeV [12],
whereas for SMC the k
t
of the detected fast pions was
less than about 1 GeV [13]. Further semi-inclusive mea-
surements are planned with the COMPASS experiment
at CERN and the proposed future Electron-Ion Collider
(EIC), extending the kinematic range to smaller Bjorken
x.
Transverse momentum is essential to understanding
polarized semi-inclusive data. Consider the polarized
photon-gluon fusion process 

g ! qq. We evaluate the
g
1
spin structure function for this process as a function




, with respect to the photon-gluon direction. We use q









































































































































































) and s is the centre

























































































from reaching the ln(1   x) singularity in Eq. (6). For this

















































The \soft" contribution to the rst moment of g
1
is then obtained by subtracting Eq. (7) from the inclusive rst






































































Eq. (8) measures the contribution to the polarized sea
from k
t
less than the cut-o  in the limit Q
2
!1.
For xed gluon virtuality P
2
the photon-gluon fusion
process induces two distinct contributions to the rst mo-
ment of g
1
. Consider the leading twist contribution, Eq.




, in Eq.(7) is mass-independent
and comes from the region of phase space where the






. It measures a contact photon-gluon interaction
and is associated [16, 17] with the axial anomaly [18].
The second mass-dependent term comes from the region








. This positive mass dependent
term is proportional to the mass squared of the struck
quark. The mass-dependent in Eqs. (7) and (8) can safely
be neglected for light-quark avor (up and down) pro-
duction. It is very important for strangeness (and charm
[19, 20]) production. For vanishing cut-o (
2
= 0) this


















ishes in this limit)
1
.


















where g is the amount of spin carried by polarized gluon
partons in the polarized proton and q
partons
measures











gluon virtuality in the proton wavefunction. Since g 
1=
s
under QCD evolution [21], the two terms in Eq. (9)
both scale as Q
2
!1.
We now evaluate the eect of the strange quark mass
on the k
t
distribution of the nal-state hadrons produced








for the strange and light (up and
down) avors respectively as a function of the transverse





. Here we set
1
Note that there is no contribution to the rst moment from the
intermediate region of k
2
t





and the hard scale set by Q
2
, because the rst moment of

















































(corresponding to the HERMES experi-
ment) and 10GeV
2
(SMC) and integrate the full expres-










. We take the strange quark mass
m = 0:2GeV. Observe the small value for the light-quark
polarization at low transverse momentum and the posi-











When we relax the cut-o, increasing the acceptance of
the experiment, the measured strange sea polarization
changes sign and becomes negative (the result implied




























(and also in the scaling limit Q
2
! 1). In practice a
full calculation of the k
t
dependence of the polarized sea
would involve integrating over the distribution of gluon
virtualities in the proton wavefunction [19]. While this
distribution is strongly peaked at small P
2
, it is inter-





= 2:5 (10) GeV
2
the contribution to the to-
tal polarized strangeness from k
t
<  changes sign and









































and  = 0:5 (1.0) GeV for a highly vir-






= 2:5 (10) GeV
2



























We summarize our results. The small value for the
light-quark sea polarization and the positive strange sea
polarization observed in semi-inclusive measurements of
polarized deep inelastic scattering may have a simple in-
terpretation in terms of the transverse momentumdepen-
dence of polarized photon-gluon fusion. It would be very
interesting to extend the present measurements to in-
clude nal-state hadrons with the highest values of trans-
verse momentum, k
t
, to look for the growth in the (neg-
ative) polarization of the light-(up and down) avor sea
and the sign change for the polarized strangeness that
are expected at large k
t
. Finally, we note that an inde-
pendent measurement of the strange quark axial-charge,
s, could be obtained from a precision measurement of
elastic p scattering [22]. (The elastic p process is in-
dependent of assumptions about the behaviour of spin
structure functions at x  0). Semi-inclusive and in-
clusive polarized deep inelastic scattering together with
elastic p scattering provide complementary information
about the transverse momentum and Bjorken x distribu-
tions of strange quark polarization in the nucleon.
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